Abstract
INTRODUCTION 53
Low concentrations of extracellular γ-aminobutyric acid (GABA) generate a 54 persistent tonic inhibitory current (I tonic conditions (Raiteri et al. 2002) , GATs are generally believed to be involved in the 74 uptake of extracellular GABA into cells. Of the four GATs (GAT-1, GAT-2, GAT-3, 75
and BGT-1) that have been cloned and characterized, the GAT-1 and GAT-3 76 isoforms are most likely to be expressed in neurons and glia, respectively, and to be 77 Firing rate was calculated using Mini Analysis, by counting the number of firing 163 discharges in 10 s bins, for a period of ~3 min before and after bath application of 164 drugs, and mean values for each condition were then obtained. 165
Drugs were added to the perfusing solution at known concentrations. The final 166 concentration of dimethyl sulfoxide (DMSO) was less than 0.05%, when used to 167 dissolve drugs. All drugs were purchased from Sigma-Aldrich (St Louis, MO). 168
Western blotting. All proteins from dissected PVN were lysed with 1× 169 passive lysis buffer (Cell Signaling Technology, USA) and quantified using a 170
Coomassie Protein assay kit (BioRad, USA). Approximately 50 µg of protein was 171 electrophoresed on a 10% sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) 172 and transferred onto nitrocellulose membranes. The blots were blocked with 1× Tris 173 buffered saline (TBS)-Tween 20 containing 3% bovine serum albumin (BSA) + 2% 174 heparan sulfate (HS) for 1 h at room temperature (5% TTBS; Gibco, USA). The blots 175
were then incubated at 4°C with primary antibodies against GABA A R δ subunit, 176 GABA A R γ 2 subunit, GAT-1 and GAT3 (1:1,000; Millipore, USA) in 5% TTBS, 177
respectively. The next day, the blots were incubated with a horseradish peroxidase-178 conjugated goat anti-rabbit secondary antibody (1:2,000; Santa Cruz Biotechnology, 179 USA). An enhanced chemiluminescence detection kit (ECL; Pierce, USA) was used 180 to visualize antibody binding, and the intensity of the bands was measured using 181
Image J software 1.42q (NIH, USA). 182
Immohistochemistry. Double immunohistochemical fluorescent reactions 183
were used to study the expression of Best-1, and their possible colocalization with 184 astroglial cell (glial fibrillary acid protein, GFAP immunoreactive). For these studies, 185 a group of rats were deeply anesthetized and perfused transcardially with 0.01M 186 PBS (150 ml) followed by 4% paraformaldehyde (500 ml). Brains post-fixed in 4% 187 paraformaldehyde were cryoprotected at 4°C with 0.1 M PBS containing 30% 188 sucrose for a minimum of 48 hours. Sections (25 µm) were then cut using a cryostat, 189 and incubated in a solution of 0.01M PBS with 0.01% Triton X-100 and 10% normal 190 goat serum for one hour. I holding of SHAM PVN-RVLM neurons (9.7 ± 2.5, n = 11, p < 0.01) and a minimal 227 inward shift in the neurons of HF rats (2.8 ± 0.8, n = 8, p > 0.1). As a result, the I tonic 228 was significantly smaller in the HF than the SHAM neurons in the presence of THIP 229 (Fig. 1C) (Fig. 2) . 238
Bath application of diazepam (DZP, 1 µM) enhanced I tonic as indicated by a 239 significant inward shift in I holding in SHAM and HF PVN-RVLM neurons (p < 0.01 for 240 both). This effect was blocked by the additional application of BIC ( Fig. 2A) , 241
suggesting that DZP enhanced I tonic in the neurons. We observed an ~65% decrease 242 in the DZP-induced I holding shift in HF compared with SHAM neurons (13.6 ± 2.8 pA, n 243 = 18 vs. 4.4 ± 1.1 pA, n = 17, p < 0.01; Fig. 2B ). However, DZP potentiated I tonic to 244 similar rate in SHAM (204.6 ± 17.1%, n = 18) and HF (185.0 ± 24.0%, n = 17) 245 neurons ( Fig. 2C) , because the DZP-induced I holding shift was dependent on the initial 246 I tonic in both groups. 247 Bath application of the nonselective GAT blocker, nipecotic acid (NPA, 100 284 and 300 μM), induced an inward shift in I holding (I NPA ) in a concentration-dependent 285 manner (Fig. 3A) , although I NPA was negligible in 3 of 13 SHAM and 2 of 18 HF 286 neurons. Moreover, the application of 100 and 300 μM NPA evoked a significantly 287 larger I NPA in the HF neurons than in the SHAM neurons (p < 0.05 for both; Fig. 3B ), 288
suggesting that GABA uptake was increased in the neurons of post-MI rats. As a 289 result, total I tonic as measured by BIC-induced I holding shifts in the presence of 100 μM 290 NPA (I NPA + basal I tonic ) was similar in SHAM and HF neurons, and the total I tonic in 291 the presence of 300 μM NPA was larger in the HF than in the SHAM PVN-RVLM 292 neurons (p < 0.07, Fig. 3C ). These results suggest that I tonic attenuation may be 293 masked or reversed by blocking the increase in GABA clearance in HF rats. 294
We used sequential application of THIP and THIP + NPA to discriminate 295 between the roles of increased GABA clearance and the reduced GABA A R δ subunit 296 function in HF I tonic attenuation (Fig. 3D ). As expected, the attenuation in THIP-297 induced I tonic was efficiently masked by the larger NPA induced-I tonic in HF PVN-298 RVLM neurons. As a result, the total I tonic in the presence of THIP and NPA (basal 299 I tonic + I THIP + I NPA ) was not different in the SHAM and HF neurons (Fig 3E) . These 300 results showed that the reduced GABA A R δ subunit function was efficiently masked 301 by the blockade of enhanced GABA clearance, suggesting that the two distinct 302 mechanisms contribute independently to I tonic attenuation in HF PVN-RVLM neurons. In a subset of experiments, we investigated whether a high concentration of 319 NO-711 (30 μM) could reverse the I tonic attenuation in HF neurons. We found no 320 difference in the NO-711-induced shift in the I holding between HF and SHAM PVN-321 RVLM neurons (SHAM, 9.6 ± 2.2 pA, n = 18 vs. HF, 9.0 ± 1.0 pA, n = 5), which did 322 not mask the I tonic difference between the two groups. 323
To further verify altered GAT activity in HF neurons, we compared the 324 expression of GAT-1 and GAT-3 in the PVN between SHAM and HF rats. We found 325 a tendency for the expression of GAT-1 to decrease and GAT-3 to increase in HF 326 relative to SHAM rats, although the differences did not reach statistical significance 327 (Fig. 4D and 4E) . increased IR in the SHAM neurons (p < 0.01), whereas GBZ had no effect on IR (p < 361 > 0.5; Table 1) . 362
Similar sequential application of NPA and NPA+BIC was used to investigate 363 the association between enhanced GAT activity and the increase in IR in HF PVN-364 RVLM neurons. A post-hoc test revealed that NPA (300 μM) produced a significant 365 decrease in the IR of HF neurons; whereas, the change in IR was marginal in the 366 SHAM neurons. The NPA-induced IR increase in HF neurons was blocked by BIC. 367
These results are shown in Table 1 . 3.6 pA), whereas GBZ+BIC significantly decreased I 50 (34.1 ± 4.2 pA, n = 6, p < 391 0.001 and p < 0.01, compared with control and GBZ alone, respectively) in SHAM 392 neurons. Furthermore, evoked firing was dependent on current injection (F= 55.3, p 393 < 0.0001), but not on GABA A R antagonists in HF rats (Fig. 6B ). I 50 was not different 394 in control, GBZ, and GBZ+BIC (29.4 ± 2.3 pA, 30.9 ± 2.9 pA, and 31.8 ± 2.1 pA, 395 respectively, n = 6) in HF neurons. 396
The effects of NPA on I-O function were compared in SHAM and HF PVN-397 RVLM neurons (Fig. 6C and 6D ) to clarify the role of enhanced GAT activity. A two-398 way ANOVA-RM revealed that evoked firing was dependent on current injection and 399 drug treatment in SHAM and HF rats. The post-hoc test revealed that NPA did not 400 affect evoked firing in SHAM neurons (p > 0.2, Fig. 6D ), whereas it significantly 401 decreased the evoked firing response in HF neurons (p < 0.05, Fig. 6D ). As a result, 402
NPA significantly increased I 50 in HF neurons (control, 30.0 ± 5.1 pA vs. NPA, 40.5 ± 403 7.8 pA, n = 5, p < 0.05), while the changes did not reach the statistical difference in 404 SHAM neurons (control, 40.1 ± 5.9 pA vs. NPA, 44.6 ± 6.7, n = 5, p > 0.3). 405
Consistent with the findings for GBZ+BIC, NPA+BIC increased the evoked firing rate 406 above the control level in SHAM but not in HF neurons (Fig. 6C) . Hz, n = 11, p > 0.5). We assessed the functional significance of I tonic attenuation on 420 firing activity by comparing the effects of DZP on firing activity in the presence of 421 GBZ (Fig. 7A) . We found that in the presence of GBZ, DZP produced a marked 422 decrease in the firing frequency of SHAM PVN-RVLM neurons (1.17 ± 0.39 Hz to 423 0.66 ± 0.26 Hz, p < 0.05) and a marginal decrease in that of HF neurons (2.10 ± 0.38 424 Hz to 1.79 ± 0.33 Hz, p > 0.1). As a result, DZP produced significant larger inhibition 425 on the firing rate in SHAM than HF rats (SHAM, 60.8 ± 8.6 of control, n = 11 vs. HF, 426 84.2 ± 5.3% of control, n = 9; p < 0.01), suggesting that I tonic attenuation contributes 427 to the over-excitability of HF PVN-RVLM neurons (Fig. 7A and 7B) . 428
We compared the inhibitory effect of NPA on spontaneous firing activity 429 between SHAM and HF neurons to assess the role of enhanced GAT activity. NPA 430 decreased the firing frequency in both SHAM (from 0.96 ± 0.21 Hz to 0.79 ± 0.21 Hz, 431 n = 7, p < 0.07) and HF PVN-RVLM neurons (from 1.62 ± 0.19 Hz to 1.07 ± 0.16 Hz, 432 n = 8, p < 0.01) (Fig. 7C) . However, the NPA-induced inhibition was greater in the 433 
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